Background/Purpose: Varicocele (VC) is considered by the World Health Organization as the main cause of male infertility. Studies have shown that VC can affect spermatogenesis and then result in male infertility. But the exact mechanism by which VC affects spermatogenesis is still unclear. Stem cell factor (SCF) and c-KIT receptor are crucial molecules during spermatogenesis in testis. This study aims to investigate whether SCF/c-KIT signaling is involved in the pathophysiology of VC on spermatogenesis. Methods: Rat models of VC were built (n Z 13), and sham-operated rats were used as controls (n Z 8). The seminiferous tubules of the testis were observed with hematoxylin and eosin staining, expression of SCF was analyzed via enzyme-linked immunosorbent assay and Western blot, and expression of c-KIT was assessed with Western blot and immunofluorescence. Results: Compared with controls, the seminiferous epithelium was disorganized and had significantly fewer cells in the testes of rats with VC. Expression of SCF increased in testes of VC rats, while expression of c-KIT was decreased. Conclusion: These results suggest that sperm counts in seminiferous epithelium are affected by VC, and the SCF/c-KIT system is aberrantly expressed in VC testis, which could be involved in male infertility caused by VC. 
Introduction
Varicocele (VC) is a vascular lesion characterized by dilatation and tortuosity of the spermatic veins. It is commonly found in adolescents and young adults and has an incidence of 4.4e22.6% in the general male population. 1 It is well known that VC is implicated as a cause of infertility in a high percentage of men. 2, 3 It has been shown that 21e41% of men with primary infertility and 75e81% of those with secondary infertility suffer VC. 4e6 Although the physiopathology of VC and its relationship with male infertility have been discussed for the last 50 years, the exact mechanism by which the VC affects spermatogenesis is still unclear. 7 Spermatogenesis is a complex process and involves cell division, differentiation, and is controlled by hormones and other regulatory factors. In the testis, stem cell factor (SCF) is produced by Sertoli cells, 8 and interacts with its tyrosine kinase receptor, c-KIT, on spermatogonia (Spg) A1eA4, spermatocytes, and round spermatids, 9 ,10 as well as Leydig cells.
11 SCF binds the c-KIT receptor, and as a result, tyrosine kinase activity is induced. 12 During testicular development, the interaction of SCF and c-KIT plays an essential role in primordial germ cell migration and survival, and in spermatogonial adhesion and proliferation. 13, 14 Based on the researches on the role of SCF and c-KIT in normal and impaired spermatogenesis, it has been concluded that both factors can be critical for reproductive events and are important for germ cell development and fertility. Natural mutations in c-KIT and/or SCF are known to arrest primordial germ cell proliferation and differentiation leading to infertility in mice. 15, 16 It has been shown that the functions of Spg are affected by SCF signaling through knocking down c-KIT expression. 17 SCF and c-KIT appear to play important roles in the process of spermatogenesis. However, whether they are involved in the pathophysiology for the effect of VC on spermatogenesis is still unclear. This study aims to detect the expressions of SCF and c-KIT in rat models of VC and evaluate their roles in male infertility caused by VC.
Materials and methods

Animals
Twenty-four male Sprague Dawley rats weighing 250e300 g were used in this study. All animals were fed the same formulated diet and were maintained in a constant environment with a 14:10-hour light/dark cycle. The rats were subdivided randomly into one of two groups: shamoperated group (S group; n Z 8) and VC group (8 weeks postsurgery of VC; n Z 16). All animal experiments conformed to the Guide for Care and Use of Laboratory Animals and were approved by Shanxi Provincial People's Hospital.
Technique of experimental VC
The rat model of VC was referenced from Turner.
18 Each animal was anesthetized with an intraperitoneal injection of pentobarbital sodium 40 mg/kg. An abdominal midline incision was made. The left kidney, left adrenal vein, and left renal veins were identified, and a clamp was passed behind the left renal vein just distal to the spermatic vein insertion. A 4-0 silk suture was loosely placed around the left renal vein at the site and a rigid guide wire of 0. 64 mm in diameter was placed on the left renal vein. The ligature was tied around the vein over the top of the guide wire. The guide wire was then withdrawn and the vein was allowed to expand to the limits of the ligature, which decreased the vein diameter to approximately half of its original diameter. Finally, the midline incision was closed in two layers with a 4-0 silk suture. Sham-operated rats as controls underwent the same operation except the ligatures were paced in position and not tied. All animals were sacrificed after 8 weeks of surgery. The external diameters of the left internal spermatic veins were measured and an increase by 2-fold or more was considered successful varicocele model. The animals that did not have a dilated internal spermatic vein were excluded in the following experiments.
Sperm collection and analysis
The cauda epididymidis from each rat was finely minced in 3-mL prewarmed physiological saline and incubated at 37 C for 10 minutes to allow sperm to disperse into the solution. The sperm suspension was gently shaken to homogenize and a 10-mL aliquot of epididymal sperm suspension was transferred into a Neubauer's improved counting chamber (depth 0.1 mm) (Jiangsu Xinkang Medical Instrument Co., Ltd., Jiangsu, China). The epididymal sperm count was determined using a sperm detection system (WLJY-9000, Beijing Weili New Century Science & Technology Development Co. Ltd., Beijing, China).
SCF concentration in serum and rat testis
After anesthesia, blood was drawn from heart of the rats and serum was separated by centrifugation at 1000g for 10 minutes. Following orchiectomy, a piece of testicle tissue was weighed and put into physiological saline to make a 10% homogenate. The homogenate was centrifuged at 1000g for 20 minutes, and supernatant was collected for measuring the content of SCF according to the manual of SCF enzyme linked immunosorbent assay kit (R & D Systems, Inc., MN, USA).
Morphological changes of seminiferous tubules
The testicle tissues of rats were fixed in 10% formalin and 4% paraformaldehyde for hematoxylin and eosin staining and immunofluorescence, respectively. Then, the fixed tissues were embedded in paraffin and sections were cut into 4 mm pieces. Morphological changes were observed under a microscope (Nikon ECLIPSE Ni-U, Nikon Corporation, Tokyo, Japan). Cells were counted in 50 random seminiferous tubules from different rats in each S and VC group to compare the differences in cell numbers between the two groups.
Western blot analysis
The entire testicle tissue of rats was carefully cut and frozen in liquid nitrogen. Equal amounts of proteins extracted from lysates that contained 60 mg of protein were separated on 12% sodium dodecyl sulfate-polyacrylamide gels and transferred onto polyvinylidene fluoride membranes (EMD Millipore Corporation, Billerica, MA, USA). Membranes were blocked in tris-buffered saline and 0.1% Tween 20 containing 5% nonfat milk powder for 4 hours at room temperature, and then incubated overnight with primary antibodies. Antibodies used were as follows: anti-c-KIT (1:100; Number: sc-168; Santa Cruz Biotechnology Inc., CA, USA), anti-SCF (1:100; Number: sc-13128; Santa Cruz Biotechnology Inc., CA, USA), and mouse anti-b-actin (1:1000; Boster Biotechnology Co., Wuhan, China). After three washes with trisbuffered saline and 0.1% Tween 20 for 10 minutes each, the membranes were incubated for 1 hour at room temperature with horseradish peroxidase-conjugated secondary antibodies (goat antirabbit immunoglobulin-G 1:5000; Beijing ZhongShan Biotechnology Co., China; goat antimouse immunoglobulin-G 1:10,000; Wuhan Boster Biological Technology, Ltd., Wuhan, China). Specific proteins were detected using an enhanced chemiluminescence kit and Molecular Image Chemi DOC XRS þ (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The relative intensity of immunoreactive bands was measured using Image-Pro Plus 6.0 (Media Cybernetics, Silver Spring, MD, USA).
Immunostaining
Paraffin sections of 4 mm were dried at 37 C overnight, using 100% dimethyl-benzene dewaxing, then put in pure alcohol, gradient alcohol, and distilled water. After this, sections were rehydrated in phosphate-buffered saline (PBS) and antigens were retrieved in pepsin K for 40 minutes. After two rinses with PBST for 3 minutes each and incubation in blocking buffer with 5% goat serum to block nonspecific staining, slides were incubated with anti-c-KIT antibody (1:200, A4502, Dako, Denmark) overnight at 4 C. After three washes with PBS for 10 minutes, slides were incubated with an Alexa Fluor 647 conjugated secondary antibody (goat antirabbit at 1:200, Thermo Fisher Scientific Inc., MA, USA) for 1 hour at 37 C. After three additional PBS washes, they were counterstained with 4 0 ,6-diamidino-2-phenylindole with an antifade solution and examined under a laser confocal microscope. For negative control of the immunostaining, PBS was applied during the immunostaining procedure.
To compare the expression of c-KIT between S and VC groups, slides were observed under laser confocal scan microscope (Olympus FV1000, Olympus Corporation, Tokyo, Japan), and the intensity of positive immunostaining cells in 50 seminiferous tubules from different rats in each group was analyzed with Image J software (National Institute of Health, MD, USA).
Statistical analysis
Statistical analysis was performed using SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA). The difference of the concentration of SCF in serum and testis between the S group and VC group was analyzed with a ManneWhitney test. Owing to the normal distribution and variance homogeneity of other data, two independent sample t test was used to analyze the difference of sperm count, cell numbers, and expression of SCF and c-KIT between the two groups. The data were presented as a mean AE standard deviation. A p value < 0.05 was considered as statistically significant.
Results
Of the 16 rats initially used in the VC group, 13 rats were evaluated; three rats were excluded because of one death and two were without dilation of the spermatic vein.
Sperm count
Thirteen rat models of VC were built (VC group) and eight sham-operated rats were used as controls (S group). The epididymal sperm count was measured. The mean sperm concentration in the VC group was significantly lower than that in S group (p < 0.05; Table 1 ).
Morphological changes of seminiferous tubules
Histology of the testes of rats with VC as well as controls was examined using hematoxylin and eosin staining. The histological morphology showed that seminiferous epithelium in VC was disorganized and had fewer cells (Figure 1 ). Fifty seminiferous tubules in each group were counted and there were 188.00 AE 14.46 cells and 380.10 AE 6.91 cells in each VC and S seminiferous tubules, respectively. There were significantly fewer cells in the VC group than in the S group (p < 0.05; Figure 1 ).
Expression of SCF in serum and testis tissue
The expression of SCF in serum as well as testis tissue was measured with an enzyme linked immunosorbent assay using rat models of VC and sham-operated rats. SCF expressed in serum showed no significant difference between the two groups (p > 0.05). However, the testicle concentration of SCF in the VC group was significantly higher than that in the S group (p < 0.05; Table 1 ). The expression of SCF in testis tissue was further confirmed by Western blot analysis. The result showed the same tendency: a dramatic increase of SCF in the VC group compared with the S group ( Figure 2) .
Expression of c-KIT in testis tissue
Western blot analysis and immunofluorescence were used to detect the expression of c-KIT in testis tissue. The result of Western blotting showed that the expression of c-KIT in testis tissue of the VC group was significantly lower than that in the S group (Figure 2) . Moreover, immunofluorescence indicated that c-KIT was strongly expressed in Spg. Based on the intensity of red fluorescence-labeled cells in 50 seminiferous tubules in each group, less c-KIT was expressed in VC testis than in the S group (Figure 3) .
Discussion
Many studies have been conducted in relation to SCF/c-KIT in spermatogenesis, 19, 20 but there have never been any assessments on the expressions of both factors in testes with VC. In this study, we used the rat VC model to investigate the expression of SCF and c-KIT in testes. Our results suggested a dysregulation of c-KIT/SCF signaling in the testes of VC animals.
VC has been implicated in the failure of spermatogenesis. 3 We found that rats with VC had a significantly decreased sperm count compared with rats with sham operation (p < 0.05). In the meantime, most seminiferous tubules of rats with VC showed massive degeneration of the seminiferous epithelium. These results indicated that seminiferous tubules were damaged by VC, and subsequently sperm count decreased. How does VC affect seminiferous tubules and subsequent spermatogenesis?
Spermatogenesis is a highly regulated process of differentiation and can be subdivided into three main phases: Spg proliferation, meiosis of spermatocytes, and spermiogenesis to produce haploid spermatids and sperm. 21 In normal testes, c-KIT is present primarily on Spg A1eA4, spermatocytes, and round spermatids and plays key roles in regulating proliferation and differentiation of Spg. 22, 23 In the present study, we found that c-KIT expression decreased significantly in rat testes in which impaired spermatogenesis had been induced by VC, which is probably involved in the proliferation and/or differentiation of Spg, subsequently resulting in the decrease of sperm count and spermatogenesis failure. A decrease in c-KIT protein expression and impaired spermatogenesis has also been reported subsequent to doxorubicin exposure and hormonal imbalance. 24, 25 Studies showed that silencing c-KIT expression by small interfering RNA in the Spg induced DNA fragmentation and cell cycle arrest at G2/M phase leading to significant reduction in cell viability and proliferation. 17, 26 Similarly, intraperitoneal injections of ACK2 (anti-c-KIT monoclonal antibody) into prepubertal mice could completely block the mitosis of mature (differentiating) type A Spg, 22 thus confirming the role of c-KIT in proliferation of Spg and meiosis. In our study, it seemed that expression of c-KIT was correlated with decreased spermatogonia in VC, but questions remain with regards to explaining how c-KIT is involved in the pathogenetic mechanism of the damage to the spermatogonia.
As the ligand of c-KIT, however, the expression of SCF increased in testis homogenate in the VC group. In normal testis, SCF is expressed by Sertoli cells, 13, 27 binds to c-KIT and leads to autophosphorylation of c-KIT resulting in activation of downstream signal transduction. 12 In rats with VC, it might be a compensatory increase of SCF expression in order to stimulate the c-KIT expression to normal level. Normal proliferation and differentiation of Spg requires cross-talk between c-KIT and SCF through which the receptoreligand pair regulates the functions of Spg. 28, 29 Once c-KIT expression was decreased, the normal crosstalk between c-KIT and SCF was impaired, which can affect spermatogenesis.
These results indicated that the spermatogenesis failure induced by VC is associated with dysregulation of SCF/ c-KIT system. Based on the current data, it is not possible to speculate whether dysregulated SCF/c-KIT expression was the cause of VC-induced disruption of spermatogenesis or as a consequence and this merits further investigation.
In addition, whether the SCF/c-KIT system takes part in the process of VC-induced spermatogenesis failure in humans needs further study. Although the VC rat model in this study is a widely used model, the experimental VC animal model just mimics the VC in humans and it may have shortages in reflecting the real clinical situation. Moreover, the expressions of SCF and c-KIT changed at 8 weeks after the VC model was made. Further studies are needed to clarify what would happen in later periods and to find Aberrant expression of SCF/c-KIT in VC testisthe appropriate time to reveal the real VC effect on spermatogenesis.
